Obesity has become one of the main public health problems in developed and developing countries. This is often a consequence of bad dietary habits (high amounts of fat and carbohydrates in the diet) and low physical activity. According to a recent report from the National Health and Nutrition Examination Survey in the United States, it was estimated that over 65% of adults were overweight or obese, and 16% of children were overweight. 1) In the past 30 years, the prevalence of obesity among adults has doubled, and that of overweight among children has tripled.
2) Based on conservative estimates, approximately 2 to 8% of the annual medical budget of developed countries is used for the treatment of obesity. 3) Many researchers have shown concern regarding applications of methods in obesity-related medicinal food studies. 4) Non-traditional or alternative treatments that utilize nutritional supplements are extremely popular, especially with respect to obesity and body composition. Although such treatments are widely used, none of these has been convincingly demonstrated to be safe and effective. 5) There is increasing interest in the use of natural resources as protective agents against obesity. 6) Under the guidelines of the US Food and Drug Administration, botanical drugs can be developed both more quickly and cheaply than conventional single-entity pharmaceuticals. Many botanicals may provide safe, natural, and cost-effective alternatives to synthetic drugs. 7) The pine tree (Pinus densiflora SIEB. et ZUCC.) is an evergreen, needle-leafed tree indigenous to East Asia; it has bitter tasting leaves, which are gathered between spring and autumn. Various parts of this tree, i.e., needles, cones, cortices, and pollen, have been widely used in folk medicines or foods for the purposes of health promotion.
8) The pine needle is rich in polyphenols, terpenoids, and tannin. 9) A great deal of research effort is being devoted to testing the putative beneficial effects of pine needles. Lee 9) reported that pine needle powder could reduce plasma total cholesterol and hepatic thiobarbituric acid reactive substances levels of rats fed a high cholesterol diet. Park et al. 10) found that pine needle oil complex ameliorated alcohol-mediated liver cell damage and hyperlipidemia. Although a number of studies related to the physiological properties and anti-obesity effect of pine needle have been carried out, the effects of pine needle on the differentiation of preadipocytes and histological findings of liver tissue in high-fat diet-induced obese rats have not yet been reported.
Therefore, the present study was undertaken to investigate the effects of pine needle on obesity through in vitro study and an experimental animal model. We first examined the anti-obesity potential of pine needle by determining preadipocyte differentiation into adipocytes, with glycerol-3-phosphate dehydrogenase (GPDH) activity, triglyceride (TG) accumulation, and peroxisome proliferator-activated receptor (PPAR) g gene expression. On the basis of this result, we demonstrated the anti-obesity effect of pine needle through abdominal fat mass, blood lipid level, and morphologic examination of liver tissue.
Type Culture Collection (Rockville, MD, U.S.A.) and maintained in DMEM containing 10% fetal bovine serum and penicillin/streptomycin (100 IU, 100 mg/ml, respectively) at 37°C in 5% CO 2 . Differentiation to the adipocyte form was induced by incubating 10 5 cells in DMEM containing 10% FBS, 5 mg/ml insulin, 250 nM dexamethasone, and 500 mM isobutylmethylxanthine for 3 d in 10 ml well culture plates. Cells were then incubated for an additional 48 h in DMEM containing 10% FBS and 1 mg/ml insulin. PNE was prepared in differentiation medium, which was added to yield a final concentration of 25, 100, or 500 mg/ml PNE in culture wells. The cells were harvested 8 d after the initiation of differentiation. Cells were washed twice with cold PBS and collected by scraping with a cell scraper into 50 mM Tris-HCl (pH 7.5) containing 1 mM EDTA. The harvested cells were sonicated for 5 s at 40 W. After centrifugation at 13000ϫg for 5 min at 4°C, the supernatants were assayed for GPDH according to the method of Wise and Green.
11) GPDH activity was measured under zero-order kinetics and optimal substrate and cofactor conditions at 25°C in a spectrophotometer (Simadzu UV1650, Tokyo, Japan). The standard reaction mixture contained 100 mM triethanolamine/HCl buffer, pH 7.5, 2.5 mM EDTA, 0.1 mM/3-mercaptoethanol, and 0.2 mM NADH. The reaction was initiated by the addition of 4 mM dihydroxyacetone phosphate, and the rate of NADH oxidation was measured by a change in absorbance at 340 nM. One unit of enzyme activity corresponded to oxidation of 1 nM NADH/min. TG concentration in cultured cells was determined by extracting total lipids from collected cells from wells with chloroform-methanol (2 : 1 v/v) as described by Folch et al., 12) separating the chloroform and methanol-water phases, removing phospholipids, and further processing the sample using modified method. 13) from Frayn and Maycock's. 14) TG was then quantified spectrophotometrically as glycerol using an enzymatic assay kit (Sigma Chemical Co., St. Louis, MO, U.S.A.).
Total RNA Extraction and Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR) Analysis Total RNA was isolated from cells using TRI Reagent (Sigma, St. Louis, MO, U.S.A.). The RNA concentration was quantitated by measuring the absorbency at 260 and 280 nm. According to the protocol provided by the manufacturer, the RT reaction was performed using a RT-PCR kit (Qiagen, Hilden, Germany). One microgram of total RNA was reverse-transcribed into cDNA using Omniscript RT, Sensiscript RT, and primers. The sense primer sequence for PPARg was GGTGAAACTCTGGGAGATTC and the anti-sense primer sequence was CAACCATTGGGTCAGGCTT. Betaactin (sense: TCTACAATGAGCTGCGTGTG; anti-sense: GGTCAGGATCTTCATGAGGT) was used as an internal standard. Amplification was initiated at 50°C for 30 min, followed by 35 cycles consisting of denaturation at 94°C for 30 s, annealing at the appropriate primer-pair annealing temperature for 1 min, and extension at 72°C for 1 min, all followed by a final extension step of 10 min at 72°C. The RT-PCR products were electrophoresed on a 1-1.5% agarose gel and were visualized by staining with ethidium bromide. The intensities of the bands were measured using an image documentation system (Image Master; Pharmacia Biotech., NJ, U.S.A.).
Diet Composition and Animal Care Male SpragueDawley strain rats, aged 4-weeks-old and weighing 105Ϯ10 g, were purchased from Daehan Biolink (Eumsung, Republic of Korea), and were housed in a temperature-and moisture-controlled room under a constant 12-h light/dark cycle. They were subjected to an adaptation period of one week. The rats were divided into four groups (nϭ8) for the experiment: normal diet (ND), high-fat diet (HFD), NDϩPNE diet, and HFDϩPNE diet groups. Lard (Dongbang Oil Co., Seoul, Republic of Korea) was used to induce obesity in HFD. The composition of the diet is shown in Table 1 , and PNE was added as 1% of the diet. Animals had free access to water. The care of the animals was consistent with the Korea National Institutes of Health guidelines on the care and use of laboratory animals. Animal Treatment and Plasma Lipid Assay All rats were fasted for 15 h prior to being sacrificed. Animals were anesthetized using pentothal sodium (40 mg/kg body weight). Blood samples were collected from the abdominal aorta and were centrifuged for the determination of plasma biochemicals. Abdominal fat tissue and organs were dissected, and weighed. Total cholesterol, TG, and glucose concentrations in plasma were assayed by automatic blood analyzer (Hitachi 7170, Hitachi Co., Tokyo, Japan). Plasma leptin levels were measured using the Murine Leptin Elisa Kit (DSL-10-24100, Diagnostic Systems Lab., TX, U.S.A.).
Histology After the blood was drained, the hepatic tissue was immediately collected from the same lobe of the liver and fixed in 10% neutral formalin solution for 24 h. The hepatic tissue was subsequently dehydrated with a series of ethanol solutions, from 75 to 100%, before being embedded in paraffin wax. Cross sections 4 mm in thickness were cut and stained with hematoxylin and eosin, and were then examined by light microscopy (Olympus Optical Co., Tokyo, Japan).
Statistical Analysis Values are expressed as meanϮS.E. For multiple comparisons, a one-way analysis of variance (ANOVA) was used. When ANOVA showed significant differences, post-hoc analysis was performed with the Newman-Keuls multiple range test using SPSS. adipocytes were exposed to PNE at different doses, and cell differentiation was performed with a differentiation medium. As shown in Fig. 1 , treatment of 3T3-L1 cells with PNE significantly inhibited GPDH activity dose dependently, but no effect on TG concentration compared with control cells.
RESULTS

GPDH Activity and TG Content
Gene Expression of PPARg g To determine whether PNE affects the gene expression of PPARg, the marker of the adipocyte differenciation, 15) RT-PCR analysis of adipogenic transcription factor was conducted. The mRNA expression of PPARg was decreased by PNE (Fig. 2) .
Body Weight and Food Intake Animals fed the PNE diet appeared healthy, showing no pathological signs or abnormalities during the feeding period. Table 2 shows the body weight gain of rats fed with the experimental diets for 6 weeks. The body weight gain of the HFD group was significantly increased, by 11.3% compared with that of the normal group (pϽ0.05). Supplementation with PNE in the HFD-induced group significantly suppressed body weight gain, and the body weight of the HFDϩPNE group was similar to that of the ND group at the end of the experiment; the HFD group showed an increase of 11.5% compared with that of the HFDϩPNE group. The total food intake among the four groups were not significantly different.
Organic Weights and Adipose Tissue Mass Changes in organic weights and abdominal fat mass among the four groups are given in Table 3 . Compared with rats fed a normal diet, no significant increases were observed in the ratios of liver, kidney, and testis weights to body weight in the HFD group. Adipose tissue mass in the abdomen was calculated Preadipocytes were cultured in growth medium until they reached confluency. Quiescent cells were then incubated in differentiation medium (DM) and post-DM with or without 25, 100, and 500 mg/ml PNE in culture plates for 10 d, after which they were harvested. Values are meanϮS.E. of three experiments. * pϽ0.05 vs. control, * * pϽ0.05 vs. 25 mg/ml, # pϽ0.05 vs. 100 mg/ml.
Fig. 2. The Effect of PNE on Expression of PPARg mRNA by RT-PCR in Cultured 3T3-L1 Cells
Preadipocytes were cultured in growth medium until they reached confluency. Quiescent cells were then incubated in differentiation medium (DM) and post-DM with or without 25, 100, and 500 mg/ml PNE for 10 d, after which they were harvested. Values are meanϮS.E. of three experiments. * pϽ0.05 vs. control. by the sum of epididymal fat and peritoneal fat. The weight of adipose tissue mass in the HFD group was 7.4Ϯ0.4 g, and this was significantly higher than that observed in the group given PNE-supplementation for 6 weeks (6.0Ϯ0.2 g; pϽ0.05). Table 4 shows plasma TG, total cholesterol, and HDL-cholesterol levels of rats supplemented with PNE. In this study, HFD caused an increase in plasma TG and total cholesterol compared to ND, by 20.7 and 7.1%, respectively. Supplementation of PNE to the HFD for 6 weeks significantly reduced plasma TG and total cholesterol, by 9.7 and 7.8%, respectively. These results suggest that a 1% concentration of PNE exerts a hypolipidemic effect in lard-fed rats. The plasma leptin level was significantly higher in the HFD group than in the ND group, but the level was restored to normal by supplementation with PNE. Conversely, the plasma HDL-cholesterol concentration in the HFD group was significantly less than that seen in the ND group, while the level was not significantly changed by PNE. On the other hand, the plasma glucose level was not altered by the HFD or supplementation with PNE.
Plasma Lipid Profiles, Leptin, and Glucose Levels
Histological Findings of the Liver Figure 3 shows the effect of PNE on the hepatic morphology of rats fed a high fat diet, which included 23% lard. The ND group showed normal hepatic histology (Fig. 3A) . In the HFD group, macrovesicular steatosis was present in the centrilobular area (Fig. 3B) , and liver fibrosis was not observed. In the PNEsupplemented ND group, morphological abnormalities were not present (Fig. 3C) . Compared with the HFD group, the extent of steatosis was considerably reduced in rats fed supplementation of PNE with HFD (Fig. 3D) .
DISCUSSION
A variety of naturally occurring leaf extracts have been found to have beneficial effects on health, and these compounds have drawn attention because of their relative safeness and accumulated evidence of physiological properties, anti-obesity, and anti-diabetic effects in animals and humans. 16) In this study, the anti-obesity effects of PNE were investigated through the differentiation of 3T3-L1 adipocytes, body weight, abdominal fat mass, and plasma lipid and leptin levels, as well as histological examination of the white adipose and hepatic tissues in HFD-fed rats.
The results of this study show that PNE treatment inhibits differentiation of 3T3-L1 preadipocytes into adipocytes, as indicated by the reduction of GPDH activity. Since the 2114 Vol. 29, No. 10 adipocyte differentiation process is regulated by transcriptional activators, we examined the effect of PNE on PPARg mRNA expression during 3T3-L1 adipocyte differentiation. In the present study, PNE treatment significantly decreased PPARg mRNA expression in cultured 3T3-L1 adipocytes. PPARg is a key transcription factor in the induction of adipocyte differentiation and is predominantly expressed in adipose tissue. 15) Our results indicate that PNE suppresses adipocyte differentiation, in part through a mechanism of PPARg-mediated adipogenesis, and may have the potential to produce anti-obesity effects in 3T3-L1 cells.
High-energy diets are used widely and have been accepted in nutritional experiments as a good strategy to induce overweight conditions and fat deposition in animals. 13) Thus, the assayed period of high-energy feeding induces a marked weight increase in rats. In the results of this study, HFD feeding for 6 weeks resulted in obesity, which was associated with increased body weight and fat mass with development of hyperlipidemia. However, supplementation of 1% PNE significantly reduced body weight and visceral fat mass. Additionally, PNE supplementation decreased plasma TG and total cholesterol levels. These results suggest that a 1% concentration of PNE exerts body weight loss and hypolipidemic effects in HFD-fed rats.
In the present study, supplementation with PNE to a HFD induced a decrease in plasma leptin levels compared to that of the HFD group. Leptin is produced by adipose tissue, and its level is closely correlated with the weight of adipose tissue. 17) Therefore, the decreased plasma leptin level associated with PNE supplementation may be attributable to the decrease of adipose tissue induced by PNE. Uygun et al. 18) reported that a continuous HFD may result in increased serum leptin. They concluded that leptin might contribute to hepatic steatosis by promoting insulin resistance and also by altering insulin signaling in hepatocytes, so as to promote increased intracellular fatty acids. 18, 19) A HFD may increase the synthesis of fatty acids in the liver and the delivery of free fatty acids to the liver. 19) It may also decrease b-oxidation of free fatty acids, which may, in turn, cause fat accumulation in the liver. 19) Therefore, fat in hepatocytes results in cellular dysfunction and may damage the liver parenchyma. Histological findings revealed macrovesicular steatosis in liver tissues of the HFD group, but PNE supplementation to HFD noticeably lowered the extent of steatosis. Consequently, we suggest that PNE may act on modulation of the leptin level and alleviation of hepatic steatosis of HFD-fed rats. These results may indicate that PNE is beneficial for patients with hepatic steatosis.
Taken together, these results indicate that suppression of adipocyte differentiation by PNE may be mediated, in part, through down-regulation of the expression of PPARg in cultured 3T3-L1 adipocytes. Extending these observations to the animal may represent that PNE decreases plasma leptin concentration and suppresses the development of steatosis in liver tissue of high-fat diet-fed obese rats.
In conclusion, the inhibitory effect of PNE on the differentiation of 3T3-L1 preadipocytes and the alleviation of hepatic steatosis in obese rats supplemented with PNE indicate that pine needle water extract possesses potential anti-obesity effects, and could validate and explain its use in obese patients.
